Development in multicellular organisms requires the organized generation of differences. A universal mechanism for creating such differences is asymmetric cell division. In plants, as in animals, asymmetric divisions are correlated with the production of cellular diversity and pattern; however, structural constraints imposed by plant cell walls and the absence of homologs of known animal or fungal cell polarity regulators necessitates that plants utilize new molecules and mechanisms to create asymmetries. Here, we identify BASL, a novel regulator of asymmetric divisions in Arabidopsis. In asymmetrically dividing stomatal-lineage cells, BASL accumulates in a polarized crescent at the cell periphery before division, and then localizes differentially to the nucleus and a peripheral crescent in self-renewing cells and their sisters after division. BASL presence at the cell periphery is critical for its function, and we propose that BASL represents a plantspecific solution to the challenge of asymmetric cell division.
INTRODUCTION
During asymmetric divisions, cells divide to create daughters that differ in size, location, and cellular components. This division mechanism is commonly used during development to establish cell fate, to provide spacing, and, as recent studies have emphasized, to create and maintain stem cell populations (Horvitz and Herskowitz, 1992; Knoblich, 2008; Ten Hove and Heidstra, 2008) . Both intrinsic and extrinsic elements contribute to asymmetric divisions. Intrinsic mechanisms include the asymmetric position of the mitotic spindle and segregation of cell fate determinants via conserved apically and basally restricted cortical complexes in animal cells (Goldstein and Macara, 2007; Knoblich, 2008; Zhong and Chia, 2008) and proximity to structural landmarks on the cell surface in yeast (Horvitz and Herskowitz, 1992) . Extrinsic factors may orient the cell division relative to larger patterning elements in the tissue or organ, such as the Wnt-mediated signals from neighbor cells that specify body axes (Goldstein et al., 2006) .
In plants, asymmetric divisions are correlated with the early pattern of the embryo, with the creation of tissue layers (the cortex and endodermis in the root, for example), and with the generation of cell type diversity and pattern during postembryonic development (Ten Hove and Heidstra, 2008) . For many of these developmental events, there is clear evidence for extrinsic signals that orient or create asymmetries (Fowler and Quatrano, 1997; Geisler et al., 2000; Lukowitz et al., 2004; Nakajima et al., 2001) . Some of these signaling mechanisms are plant specific, such as the use of mobile transcription factors to establish radial identities during root development (Nakajima et al., 2001) . Segregated cell fate determinants or other intrinsic factors akin to those found in animal asymmetric divisions, however, have not been definitively shown to exist in plants. This is not entirely unexpected. Plant cells are surrounded by a rigid cell wall, and their division planes are not determined by mitotic spindle orientation; therefore, asymmetric partitioning of components to daughter cells is likely to require different mechanisms than those employed in animal cells (Scheres and Benfey, 1999; Ten Hove and Heidstra, 2008) . The absence of homologs of the PAR/aPKC complex or of other conserved regulators of asymmetric protein localization in plant genomes (Arabidopsis Genome Initiative, 2000; Yamada et al., 2003) further supports the idea that plants may have arrived at different molecular solutions to generate cell division asymmetries.
We sought to identify intrinsic elements of plant asymmetric divisions by using stomatal development as a model. Stomata are structures that mediate gas exchange between the plant and atmosphere and consist, minimally, of two sister epidermal cells (guard cells, GCs) and the pore between them (Bergmann and Sack, 2007) . Both the differentiation of stomatal GCs and their overall patterned distribution in the epidermis are correlated with asymmetric and oriented cell divisions ( Figure 1A ) (Bergmann and Sack, 2007) . In Arabidopsis, the specialized stomatal cell lineage begins with the physically asymmetric division of a young epidermal cell (meristemoid mother cell, MMC) to create a meristemoid and a stomatal lineage ground cell (SLGC) as its smaller and larger daughters, respectively ( Figure 1A ). The meristemoid is a stomatal precursor, but it represents only the first step toward stomatal differentiation; meristemoids may complete up to three self-renewing asymmetric divisions before differentiating into guard mother cells (GMCs) . A GMC undergoes a single symmetric division to become the paired GCs of a stoma. SLGCs may differentiate into pavement cells, or may also become MMCs, creating secondary meristemoids through asymmetric divisions at later times ( Figure 1A ). The divisions creating secondary meristemoids are not only asymmetric, but are also oriented to prevent the formation of adjacent stomata (Bergmann and Sack, 2007) . Recent work established a network of positively acting bHLH and MYB transcription factors (Kanaoka et al., 2008; Lai et al., 2005; MacAlister et al., 2007; Ohashi-Ito and Bergmann, 2006; Pillitteri et al., 2007) and negatively acting signaling components (Bergmann et al., 2004; Hara et al., 2007; Lampard et al., 2008; Nadeau and Sack, 2002; Shpak et al., 2005; Wang et al., 2007) 
RESULTS

BASL Mutants Have Defects in Asymmetric Stomatal Lineage Divisions
We identified the recessive mutant basl-1 in a screen for stomatal pattern defects in seedlings. basl-1 mutants produce excessive numbers of small epidermal cells, and their stomata are found in a mispatterned (clustered) distribution ( Figure 1C and quantified in Figure 1D ). The small cells are stomatal lineage cells as defined by the expression of the marker TMMpro::GFP (Nadeau and Sack, 2002) (Figure 1F ). Previously identified mutants such as those in the putative receptor TOO MANY MOUTHS (TMM) (Nadeau and Sack, 2002) or putative ligand EPIDERMAL PATTERNING FACTOR1 (EPF1) (Hara et al., 2007) have similar proliferation and patterning phenotypes. However, in contrast to tmm and epf1, whose phenotypes have been interpreted as a failure of cells to communicate to orient cell divisions (Hara et al., 2007; Nadeau and Sack, 2002; Nadeau and Sack, 2003) , the defects in basl center on a loss of asymmetry intrinsic to the divisions. basl divisions frequently lack physical asymmetry; in contrast to the wild-type, where most (68%) MMC divisions result in the smaller cell being <35% of the combined area of the two daughters, only 12% of basl-2 MMC divisions exhibit this size asymmetry (n = 60 cell pairs for each genotype, examples in brackets in Figures 1C  and 1H ). Stomatal lineage cells in basl mutants also lack fate asymmetries; meristemoid fate marker MUTE::nucGFP (MacAlister et al., 2007) appears in both daughters of divisions rather than being restricted to one ( Figure 1H versus Figure 1G ), and in tracings of stomatal cell lineages over 3 day periods (n = 56), we observed examples where both, one, or neither daughter of (incorrectly) symmetric divisions became guard cells ( Figure 1I ). BASL Encodes a Novel, Stomatal Lineage-Expressed Protein We cloned BASL using a map-based approach (see details in the Experimental Procedures) and found that the basl-1 mutation is a C/T change leading to a premature stop in the coding region of At5g60880 (Figure 2A ). Two additional insertional alleles that disrupt the locus, basl-2 (WiscDsLox264F02) and basl-3 (SAIL_547_F11) in the Col ecotype (Figure 2A ), have indistinguishable phenotypes from basl-1, and basl-2 eliminates the BASL transcript ( Figure 1D and Figure S1B available online). BASL encodes a novel protein with no recognizable homologs outside of plants. We find no obvious functional domains in the BASL protein sequence with the exception of a weak nuclear localization sequence (NLS) and nuclear export sequence (NES; Figures 2A and S1 ). BASL expression is highly correlated with that of stomatal lineage-expressed genes SPEECHLESS (SPCH) and TMM (Pearson correlation coefficients of 0.88 and 0.83, respectively) and is highest in the shoot meristem and young leaf samples of the AtGenExpress tissue series (Toufighi et al., 2005) . To monitor BASL expression with cellular resolution, we created transcriptional (BASL::GUS) and translational (BASL::GFP-BASL) reporters. In the cotyledon and leaf epidermis, BASL::GUS is highly expressed in the asymmetrically dividing MMCs (arrowheads, Figure 2B ) and meristemoids (arrows, Figure 2B ), and it is present in their sisters at lower levels and decreases to below detection in later stomatal lineage cells ( Figure 2B ). BASL::GUS is also expressed in the plant vasculature ( Figure S5A ). Figure S2D ). This cell population includes both asymmetrically dividing cells and those of indeterminate identity. Later, when morphological identification of stomatal lineage cell types in the cotyledons is possible, BASL exhibits a striking pattern of subcellular localization correlated with asymmetric divisions; at 72 hpg, BASL is highly expressed in the nucleus of stomatal lineage cells (73/73, Figure 2C ). In cells that exhibit the characteristic rounded-triangle morphology of meristemoids (32/73), BASL is exclusively nuclear ( Figure 3A ). In the remaining cells (presumptive MMCs, 41/73), BASL was also localized to the periphery in a strikingly polarized manner (arrowheads in Figure 2C ). Accumulation at the peripheral site appeared before any obvious morphological asymmetry in these cells ( Figure 3B ). In polarized but premitotic MMCs, the peripheral BASL crescent is distal to the nucleus ( Figure 3C ). During mitosis, GFP-BASL also appears to be diffuse in the cell, but the asymmetric peripheral localization persists ( Figure S3A ). We observed BASL behavior in more than 500 cell pairs that had undergone an obvious asymmetric cell division (the smaller cell was <35% of the combined area of the sisters). Soon after an asymmetric cell division, when the new cell wall was immature ( Figure 3D , arrow points to wall), BASL expression was observed at the periphery and in the nucleus of the SLGC. In cell pairs separated by a mature wall, the SLGC maintained its peripheral BASL, but nuclear BASL was faint ( Figure 3E ) or absent ( Figure 3F ). We confirmed that nuclear BASL was absent in SLGCs by optically sectioning through entire cells (Figures S2B and S2C) . The peripheral BASL crescent was distal to the meristemoid (61/67), though rarely (6/67, Figure S2A ) BASL was symmetrical around the SLGC periphery. We never observed BASL crescents adjacent to the meristemoid. In the meristemoid, nuclear-localized BASL remained visible until the meristemoid differentiated into a GMC (arrow in Figure 2C ). Neither nuclear nor peripheral BASL expression was found in GMCs or guard cells, but mature SLGCs that become pavement cells can maintain their polarized peripheral localization of BASL ( Figure S2E ). We followed 140 individual cells or cell pairs over a 12 hr time period to monitor the dynamic behavior of BASL and its correlation with cell fate. We observed meristemoids expressing nuclear BASL differentiate into GMCs ( Figures 3J, 3J 0 , 3L, and 3L 0 ) and meristemoids expressing nuclear and diffuse BASL carry out another round of asymmetric cell division ( Figures 3K and 3K 0 ). SLGCs containing BASL peripheral crescents could lose their BASL expression as they expanded and became pavement cells ( Figures 3J, 3J 0 , 3K, and 3K 0 ) or retain both nuclear and peripheral BASL when they underwent spacing divisions to create secondary meristemoids ( Figures 3L and 3L 0 ). Because the divisions that create secondary meristemoids are oriented relative to extrinsic landmarks, (other stomatal lineage cells) (Geisler et al., 2000) , we paid particular attention to BASL localization in cell pairs that had divided next to stomata. In these cells in the wild-type, the peripheral BASL crescents are located directly adjacent to the stomata (Figure 3G [20/20] ). This localization pattern could result from BASL directly responding to extrinsic orienting signals from the stomata, or it could reflect the fact that both the stomata and BASL are distal to the new meristemoid.
BASL
We tested whether BASL was responsive to extrinsic signals mediated by the putative receptor and ligand pair, TMM and EPF1, that orient MMC and meristemoid divisions (Hara et al., 2007; Nadeau and Sack, 2002) . In tmm and epf1 mutants, new meristemoids can form directly adjacent to stomata (Geisler et al., 2000; Hara et al., 2007; Nadeau and Sack, 2002) . We monitored the location of the peripheral GFP-BASL crescent in ''correct'' divisions (new meristemoid distal to stoma) and ''incorrect'' divisions (meristemoid adjacent). In the correct divisions (11/32 for epf1 and 17/49 for tmm), as in the wild-type, all BASL crescents were adjacent to the stoma ( Figure 3H ). In the incorrect divisions, the GFP-BASL crescent was adjacent to the stoma in only 6/21 (29%) of epf1 divisions and 13/32 (41%) of tmm divisions ( Figure 3I ), but this crescent was always distal to the new meristemoid (100% in both tmm and epf1). This pattern is most consistent with BASL marking an intrinsic polarity in the MMC division, not responding directly to a stomatalderived signal. We also found that tmm-1;basl and epf1;basl double mutants exhibit additive phenotypes in cotyledons and leaves ( Figures S4A-S4D ) and that BASL::GFP-BASL maintains its dual nuclear and polarized peripheral localization in both the tmm and epf1 mutants ( Figures S4E and S4F ), further suggesting that BASL acts independently of these two genes. An interesting consequence of the BASL peripheral crescent always being distal to the meristemoid is that this pattern requires BASL to disappear from its original position and be reestablished at a new site in SLGCs (as seen in Figures 3L and 3L 0 ). 
Domains of BASL Mediate Function and Localization
The striking dual localization of BASL prompted us to investigate whether specific regions of BASL mediated different localization patterns or functions. We created five deletion variants of BASL and expressed each GFP-tagged variant with the BASL promoter ( Figure 4A ). Stable T2 transformants of each variant were assayed for localization and function in wild-type and basl-2 backgrounds. We found distinct patterns of localization for the different BASL regions. nuclear localization in MMCs, meristemoids, and young SLGCs ( Figure 4B ). Fragments consisting of the internal region or the C-terminal region alone (BASL-I and BASL-C) did not direct GFP to any specific subcellular location, and GFP signal was diffuse in stomatal lineage cells ( Figure 4C and data not shown). BASL-IC, a fragment containing both the internal and C-terminal regions, however, was sufficient to direct the reporter to a polarized region of the cell periphery ( Figure 4D ). The BASL-IC construct not only exhibited asymmetric localization, but, to the resolution of our assay, it was also sufficient to completely rescue the basl-2 mutant ( Figures 4E and 4G ). Neither the nuclear localized BASL-N and BASL-NI variants nor the cytoplasmic BASL-I and BASL-C rescued basl-2 ( Figures 4F and  4H ). These results indicate that the IC region is sufficient for BASL function. Because these results also suggested that the periphery is the primary site for BASL activity, we monitored BASL-IC throughout the cell cycle ( Figure S3B ). BASL-IC maintained its peripheral crescent throughout mitosis, but also appeared to be diffuse in the cytoplasm and colocalized with the phragmoplast and immature cell plate ( Figure S3B ). While BASL-IC was sufficient for rescue, BASL-I created a dominant-negative effect, producing plants with clustered stomata and extra cell divisions similar to those in the basl mutant (brackets in Figure 4C ).
Overexpression of BASL Suggests a Role in Polarized Cell Outgrowth
In addition to the localization and rescue experiments that suggest that BASL functions at the periphery, we observed that BASL crescents correspond to areas of cell expansion. This is most clearly seen in SLGCs (examples in Figures 2C,  3E , and 3F), but we observed the same phenomenon throughout the stomatal lineage. To test whether BASL was sufficient to promote cell expansion, we overexpressed BASL with the strong, broadly expressed CMV35S promoter (35S::GFP-BASL). In 35S::GFP-BASL plants (n = 12 independent T2 lines), cells throughout the plant express BASL, but, strikingly, BASL localization at the periphery of these cells is still polarized ( Figures 5B and 5C ). Overexpression of BASL results in cellular outgrowth coincident with the region in which peripheral BASL is concentrated. This occurs in cells that grow by diffuse expansion ( Figures  5B, 5C , and 5J), as well as in tip-growing cells such as root hairs (data not shown). The ectopic expansion phenotype is also seen when BASL-IC is expressed ( Figures  5E and 5F ), and in fact may be enhanced because BASL::BASL-IC also generates ectopic expansion phenotypes (7/14 lines) but BASL::BASL does not (0/39 lines). These data indicate that cells outside of the stomatal lineage have mechanisms for polarized BASL protein localization and that they can respond to BASL-mediated outgrowth, and suggests that the N terminus and/or nuclear localization negatively regulates BASL activity.
BASL Localization in Diverse Cell Types Reveals
Intrinsic Polarization Capacity of Plant Cells BASL was initially identified by its role during the asymmetric divisions of stomatal development. Several observations about BASL reporter behavior are consistent, however, with BASL marking a more widely used polarity-generating system. Two well established systems that generate or mark cell polarities in plant are the Rho GTPases of plants (ROPs) and the PIN family of auxin transporters (reviewed in Feraru and Friml, 2008; Fu et al., 2005; Yang and Fu, 2007) . We used the fact that BASL maintains its distinctive polarized pattern when ectopically expressed outside the stomatal lineage to investigate the relationships between BASL and these two classes of proteins.
BASL and Connections with Rho-Type GTPases
Localized outgrowth in pavement cells and in tip-growing cells is regulated by the ROPs and their associated proteins (Fu et al., 2002 (Fu et al., , 2005 . Both DN-rop2 and CA-rop2 pavement cells have defects in lobe formation (Fu et al., 2002) . One mechanism by which BASL could promote stomatal lineage cell outgrowth is to locally regulate ROP activity. This mechanism would be analogous to the action of yeast Cdc24, which shuttles between nucleus and periphery to serve as an exchange factor activating the Cdc42 GTPase (Shimada et al., 2000) . If this model were correct, then BASL would localize independently of the ROPs but require their activity to promote ectopic cellular outgrowths. We monitored expression of BASL::GFP-BASL in CA-rop2 and DN-rop2 plants. In both CA-rop2 and DN-rop2 lines, GFP-BASL exhibited its normal pattern of nuclear and polarized peripheral localization (Figures S6D-S6F ). ROP2 has been best characterized in terms of pavement cell behavior, and we did not observe obvious stomatal defects in CA-rop2 or DN-rop2 ( Figures S6B and S6C) ; therefore, we also monitored BASL localization in other epidermal cells. We crossed the 35S::GFP-BASL line (shown in Figures 5B and 5C ) to CA-rop2 and DN-rop2 and found that BASL still exhibited a polarized peripheral localization ( Figure S6G ). In the wild-type, this 35S::GFP-BASL line produces ectopic outgrowths, most easily seen in hypocotyl cells ( Figure 5J ). In the CA-rop2 and DNrop2 backgrounds, BASL-mediated cell outgrowth appeared to be abrogated ( Figures 5K and 5L) , consistent with BASL acting upstream or independent of the ROPs. We cannot, however, rule out an additive effect of the transgenes or eliminate the possibility that other ROPs are involved. Regardless, BASL-ROP interactions are unlikely to be mediated through direct binding; we do not observe interactions between BASL and ROP2 (or its DN-or CA-versions) or the related protein, ROP4, under conditions previously used to demonstrate ROP-RIC interactions (Table S2) . 
BASL Polarized Localization Is
More Restricted than the PIN1 and PIN2 Proteins BASL regulation of the ROPs provides a plausible mechanism for its activity in promoting cellular outgrowth; however, it is still unclear how BASL achieves its specific localization pattern. The BASL crescents are unique, but the polarized localization at the periphery of cells is reminiscent of the localization of the PIN family of transmembrane auxin transporters. (Benkova et al., 2003; Feraru and Friml, 2008; Wisniewska et al., 2006) . We took advantage of our observation that both BASL::GFP-BASL-IC ( Figure S5B ) and 35S::GFP-BASL exhibited polarized expression in root cells ( Figure 6A ) to compare BASL localization to that of PIN1 and PIN2 in the same cell types. In the vasculature of equivalently staged roots, both PIN1-GFP and GFP-BASL proteins are enriched at the lower (basal), surface of the cells (Figures 6A and 6B ). PIN2-GFP is basal in cortical cells, but apical in epidermal cells (Figures 6C and 6F) . In these epidermal cells, BASL, however, is localized to the basal surface ( Figure 6D ), tightly associated with the plasma membrane ( Figure S2H ). In comparison to both PIN1 and PIN2, BASL localization is found in more distinct crescents ( Figure 6D versus Figures 6E and 6F) . Furthermore, at developmental stages, when the PINs are present and polarized in each cell in a file ( Figures 6B and 6E) , BASL accumulation often appears in an ''every other cell'' pattern ( Figure 6A and 6D ). These differences in behavior indicate that BASL cannot achieve its peripheral localization pattern by simply colocalizing with the PINs.
DISCUSSION
BASL Is Localized to Different Subcellular Regions in Different Cell Types BASL protein expression, as monitored by BASL::GFP-BASL reporters that fully complement the mutant phenotypes, is dynamic within the stomatal lineage, and the behavior of stomatal-lineage cells can be predicted by their BASL localization patterns. In Figure 7 , we present a model based on data derived from more than 500 ''snapshots'' of BASL localization (e.g., Figures 2C and 3A-3H ) and from time courses of BASL dynamics in 140 individual cells or cell pairs followed over 12 hr ( Figures 3J-3L 0 ). Stomatal lineage cells with the capacity to divide (MMCs, meristemoids, and some SLGCs) all express nuclear BASL. When these cells also express BASL in a peripheral crescent, they undergo asymmetric and self-renewing divisions. GMCs express low levels of BASL exclusively in the nucleus and later divide symmetrically to form the terminally differentiated guard cell pair. We do not observe divisions in cells that express only peripheral BASL, but instead see these cells develop into lobed pavement cells with the BASL crescent retained in a single lobe.
Based on this expression pattern, we hypothesize that BASL helps to mark or organize polarized outgrowth of the stomatal lineage cells before and after asymmetric divisions. Consequently, delivering and maintaining BASL at a small region of the cell periphery is crucial. Peripheral BASL is first detected in cells that have no obvious morphological asymmetry ( Figure 3B ), but the BASL crescent becomes significantly brighter in cells with an asymmetrically localized nucleus ( Figure 3C ). Several scenarios could lead to this pattern: BASL localization at the periphery could repel the nucleus or set aside a domain that influences where the preprophase band (and predictor of future division planes) forms, or BASL could promote localized cell outgrowth, creating predivisional asymmetry by expanding one side away from a static nucleus. After cell division, BASL localization in the two daughters differs; both cells initially posses nuclear BASL, but the peripheral crescent is segregated to the larger daughter. As peripheral BASL correlates with specific division behaviors, this differential localization reinforces the fate differences between the sister cells.
If the mechanism by which BASL creates cell asymmetries is through local organization of peripheral growth, then how does BASL initially achieve its specific polarized localization? There are no domains in the BASL protein predicted to be membrane spanning, or to target BASL to the secretory pathway; therefore, BASL is likely to interact with other proteins to be delivered to and be retained in its peripheral crescent. BASL is the first protein reported to have this localization pattern in plant cells. Currently, there are no strong candidates for BASL-localizing factors; this includes the PIN proteins that do exhibit polar localization, but not in a pattern similar to that of BASL (Figure 6 ). A decade of study of the PIN proteins has led to fundamental insights into cellular polarity generation in plant cells (Dhonukshe et al., 2005; Feraru and Friml, 2008) . Similar analyses of BASL have the potential to reveal novel cellular mechanisms for targeting proteins and establishing and maintaining polarized cellular domains.
Models for Activity of Dual-Localized Proteins and for BASL Activity in the Stomatal Lineage Several general classes of multilocalized protein behaviors have been described in other asymmetric divisions. Neuronal cell fate determinants such as Brat and Prospero require cortical localization for proper segregation and act in the nucleus of one daughter cell (Betschinger et al., 2006; Spana and Doe, 1995) . b-catenin is often released from the periphery in response to extrinsic cues to alter transcription in the nucleus (Mizumoto and Sawa, 2007; Takeshita and Sawa, 2005) , but can also influence cell polarity in transcription independent ways (Thorpe et al., 2000) . Still other proteins, such as the MAP kinase scaffold STE5, require transit through the nucleus to become active (Mahanty et al., 1999) . In contrast to these factors that mainly act in the nucleus, the yeast protein Cdc24 is active at the cortex as an exchange factor for the Rho-GTPase Cdc42. Cdc24 is sequestered in the nucleus to prevent inappropriate activation of the Cdc42-based cell polarity module (Shimada et al., 2000) . Our data are consistent with a model in which BASL functions at the periphery and nuclear localization serves to sequester it, a mechanism most closely resembling that of Cdc24. Specifically, BASL::BASL-IC is localized in a peripheral crescent and does not accumulate in the nucleus, yet it is sufficient to rescue BASL localization in the nucleus and at the periphery correlates with specific cell behaviors. BASL becomes polarized before cell division in asymmetrically dividing cells, and we hypothesize that an initial expanding region is coincident with BASL polarized localization, thus ensuring that the BASL crescent is distal to the nucleus and segregated to the larger daughter cell. In the smaller daughter of an asymmetric division, BASL is nuclear. If BASL is only nuclear, this cell will differentiate into a GMC and eventually a pair of guard cells. If the cell retains BASL in both the nucleus and periphery, this cell will continue to divide as a MMC or M. In the larger (SLGC) daughter, BASL moves to the periphery in a region distal to the division plane. If this cell retains nuclear and peripheral BASL, it will divide asymmetrically; if it loses nuclear BASL, it will differentiate into a pavement cell. Mature pavement cells that retain BASL restrict it to one lobe. In SLGCs next to stomata, the peripheral BASL crescents must reorient prior to another asymmetric division to preserve the one-cell-spacing rule.
all scoreable BASL mutant phenotypes. Overexpression of BASL leads to ectopic cellular outgrowths ( Figures 5B, 5C , 5E, and 5F). BASL-IC is more effective at generating this phenotype and can do so even when expressed with its own promoter, suggesting that the N terminus and nuclear localization negatively regulate the protein's activity.
Although the behaviors of BASL and Cdc24 point to a conserved mechanism for cell polarity generation, BASL must create the cellular asymmetries in the context of a multicellular organism. Our observation that cells possessing peripheral and nuclear BASL behave differently than those with peripheral BASL alone indicates that the system is more complex. We are particularly intrigued by the correlation between nuclear BASL expression and the capacity to divide in an asymmetric and self-renewing fashion. Stomatal lineage cells exhibit different division behavior and cell fates in the presence or absence of nuclear BASL, yet, under standard growth conditions and to the resolution of our assays, we observe complete rescue with BASL-IC and no statistically significant ability of BASL-NI to rescue stomatal lineage divisions and pattern. How can we explain these results? Nuclear sequestration is one possibility consistent with rescue data and supported by the difference in BASL and BASL-IC activity described above. It is also possible that in combination with mutations or growth conditions that alter cell proliferation, a positive role for nuclear-localized BASL will be uncovered.
Interpretations of the BASL Mutant Phenotypes
In the absence of BASL, the physical asymmetry of stomatal lineage divisions is disrupted, division planes can be misoriented, and more stomata are formed. This suite of phenotypes is revealing in terms of the specific roles of BASL, but also more generally about how cell fate and divisions are connected during stomatal development. These data indicate that during stomatal development, asymmetric divisions allow cells to acquire pavement cell fate, whereas symmetric divisions tend to produce two meristemoids. These meristemoids eventually produce stomata after completing their self-renewing divisions. In general terms, the consequences of loss of asymmetry in the stomatal lineage resemble those in neuroblast development, where loss of division asymmetry can result in misspecification of cell fate and cell overproliferation (reviewed in Knoblich, 2008) . In the animal systems, segregation of determinants is a crucial component of the system. During stomatal (or plant) development, no such determinants have been definitively established. Could BASL itself be a segregated determinant? Initially, our observations that BASL was required at the periphery and promoted cell expansion seemed to rule out this possibility. However, the behavior of BASL recalls a set of experiments in which physical manipulation of cell growth or changes in cell wall extensibility (and therefore expansion) feeds back on cell identity (Laskowski et al., 2008; reviewed in Fleming, 2006) . Perhaps the critical cell fate mechanism in this lineage is not reprogramming cell identity by segregating a ''master regulator'' transcription factor, but segregating localized expansion potential.
BASL is critical for establishing the asymmetry of stomatal lineage divisions. Our data indicate that the cell polarity system in which BASL acts is also used more widely. Cells outside the stomatal lineage generate BASL-mediated local outgrowths and, more importantly, already possess mechanisms to target and maintain proteins in highly polarized regions of their periphery. The lack of obvious targeting domains suggests that BASL must interact with other proteins to attain this asymmetric localization. GFP-BASL therefore serves as a marker of cell polarization, providing a foothold from which to identify interacting partners and build the (thus-far elusive) polarity modules required for asymmetric plant cell divisions.
EXPERIMENTAL PROCEDURES Plant Materials
Arabidopsis thaliana Columbia-0 was used as a wild-type unless otherwise noted. Previously published lines used in this study are D41:GFP and Q8:GFP (Cutler et al., 2000) , tmm-1 and TMMpro::GFP (Nadeau and Sack, 2002) , MUTE::GFP (MacAlister et al., 2007) , epf1-1 (Hara et al., 2007) , 35S::ROP2-GFP, DN-rop2 and CA-rop2 (Fu et al., 2005) , PIN1::PIN1-GFP (Heisler et al., 2005) , and PIN2::PIN2-GFP (Wisniewska et al., 2006) . Seedlings were germinated on half-strength MS agar plates in a Percival incubator with 24 hr light for 7-10 days at 22 C. Plants were transferred to soil for growth in a 22 C growth room with 16 hr light/8 hr dark cycles.
Isolation and Mapping of BASL
The basl-1 mutation was isolated in a screen for stomatal patterning mutants in the C24 ecotype described in (Bergmann et al., 2004) 
DNA Manipulations
Vectors based on Gateway cloning technology (Invitrogen) were used for most manipulations. Description of the plant binary vectors can be found in Curtis and Grossniklaus (2003) . The DNA template for BASL cDNA amplification (pENTR221-5g60880) was obtained from the ABRC. The BASL promoter region was amplified from plant genomic DNA with primers in Table S1 . A transcriptional fusion of the BASL promoter region used for rescue (''native promoter'') to GUS was made in pMDC163 (Curtis and Grossniklaus, 2003) . Translational fusions of BASL driven with the native promoter to GFP were made in pMDC99 and pMDC107 by cloning the BASL promoter into a NotI site in the pENTR vector before recombination into the destination vectors. A BASL::GFP-BASL fusion was made by replacing the 35S promoter in pMDC43 by the BASL promoter via a PmeI/KpnI digest after the BASL cDNA was integrated into the pMDC43 vector. The same strategy was applied to various BASL versions (N, I, C, NI, and IC) for constructing N-terminal GFP translational fusions. Matchmaker II vectors and protocols (Clontech) were used for yeast two-hybrid assays with EcoRI/BamHI cloning of the respective cDNA fragments of BASL, BASL-N/I/C/NI/IC, ROP2, and ROP4. CA-rop2 and DN-rop2 were generated as previously described (Fu et al., 2005) with the QuikChange XL Site-Directed Mutagenesis Kit (Stratagene) with the primers listed in Table S1 . Yeast strain AH109 was cotransformed with prey and bait clones, and interactions were assayed according to the manufacture's protocols (Clontech). BASL::GFP-BASL plants were transformed with plasma membrane marker pm-rb (Nelson et al., 2007) to facilitate time-lapse studies on BASL dynamics. Plant transformations and subsequent selection were carried out with Agrobacterium-mediated transformation (strain GV3101) with standard protocols. The GenBank accession number for the BASL cDNA is AY924875.
RT-PCR for basl Alleles
Total RNA from homozygous basl mutant plants (three alleles) was collected from whole 4-day-old seedlings. cDNA was generated by SuperScript III First-Strand Synthesis System (Invitrogen) with oligo dT primers. BASL and ACTIN were amplified from 100 ng RNA for 35 and 25 cycles, respectively, with the primers in Table S1 .
Phenotypic Analysis
For quantitative analysis of basl phenotypes, a region of 0.25 mm 2 from the same quadrant of 5 dpg adaxial cotyledons was scored. Cells were counted and classified as belonging to one of three groups: guard cells, pavement cells (cells larger than a mature guard cell and showing at least one obvious lobe), and small dividing cells (round or square cells smaller than a mature guard cell). Any stomata (the pair of sister guard cells) adjacent to one another were classified as clustered GCs. Values are reported as the mean ± SD of counts from WT. Asymmetry evaluation of the basl mutant was performed with Image J software (National Institutes of Health; NIH) by measuring the surface area of two daughter cells after division. The ratio of the smaller daughter area to the combined area of the daughters was calculated for both the WT (n = 60 pairs) and basl-2 (n = 60 pairs). Rescue by BASL::GFP-BASL-IC and BASL::GFP-BASL-NI was scored in T2 seedlings from lines exhibiting robust and consistent GFP expression. For each of the cell classes indicated in Figure 4 , 0.25 mm 2 total area/cotyledon for BASL::GFP-BASL-IC plants (4 dpg) and 0.06 mm 2 total area/cotyledon for BASL::GFP-BASL-NI (3 dpg) was scored. Genotypes quantified for BASL-IC rescue were basl-2 (n = 11 plants), BASL-IC; basl-2 (n = 10), and the WT (n = 10). Genotypes quantified for BASL-NI rescue were basl-2 (n = 14), BASL::BASL-NI; basl-2 #3 (n = 12), BASL::BASL-NI; basl-2 #5 (n = 14), and the WT (n = 12).Two-tailed t tests were carried out with R statistical computing software (http://www. R-project.org) and a = 0.05. Lineage traces were performed by capturing images of the GFP-plasma membrane marked cotyledon cells at days 4-6 with a Leica DM5000 microscope. GFP-BASL traces were carried out on plants coexpressing mCherryplasma membrane marker pm-rb and BASL::GFP-BASL. Images were captured from cotyledons at 60 hpg and 72 hpg with a Leica SP5 confocal microscope. Images of whole leaves were assembled in Photoshop, and individual groups of cells that could be distinguished by their morphology and location on the leaf were followed over a 3 day (plasma membrane marker) or a 12 hr (BASL) time period. All additional imaging of BASL localization was also done with a Leica SP5. Seedlings were counter-stained with 1 mg/mL 4',6-diamidino-2-phenylindole, dihydrochloride (DAPI, Invitrogen) or 10 mg/mL Propidium iodide (PI, Invitrogen) to visualize DNA and cell outlines as needed. Images were captured with the following excitation (Ex) and emission (Em) wavelengths (Ex/Em): GFP 488 nm/501-528 nm; mCherry 561 nm/600-620 nm, PI 561 nm/591-635 nm; DAPI 405 nm/437-476 nm, and chloroplasts 561 nm/652-691 nm. Images were processed in ImageJ (NIH) and Photoshop (Adobe), and figures were assembled in Illustrator (Adobe). GUS staining was performed according to standard protocols with an incubation time of 45 min at 37 C. Images were captured with a Leica DM5000 microscope equipped with a Retiga Exi digital camera.
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